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Abstract: Community and stakeholder engagement is increasingly recognized as essential to science
at the nexus of food, energy, and water systems (FEWS) to address complex issues surrounding
food and energy production and water provision for society. Yet no comprehensive framework
exists for supporting best practices in community and stakeholder engagement for FEWS. A review
and meta-synthesis were undertaken of a broad range of existing models, frameworks, and toolkits
for community and stakeholder engagement. A framework is proposed that comprises situational
awareness of the FEWS place or problem, creation of a suitable culture for engagement, focus on
power-sharing in the engagement process, co-ownership, co-generation of knowledge and outcomes,
the technical process of integration, the monitoring processes of reflective and reflexive experiences,
and formative evaluation. The framework is discussed as a scaffolding for supporting the development and application of best practices in community and stakeholder engagement in ways that are
arguably essential for sound FEWS science and sustainable management.
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1. Introduction
The expanding focus in science on big system interactions is epitomized by research
at the nexus of food-energy-water systems (FEWS), also variously referred to as energyfood-water systems (EFW), food-water-energy systems (FWE), water-energy-food systems
(WEF), and food-land-energy-water (FLEW) systems. FEWS science attempts to understand
how food systems, water systems, and energy systems interact from social, ecological,
and physical science perspectives to meet society’s growing demand for food, energy, and
water [1,2]. It is no longer sufficient to treat a single system in isolation; to be able to develop
solutions to vexing questions of demand and availability of food, energy, and water requires
explicit examination of the system-level interactions among all three sectors. “Thinking
big” in FEWS refers to the expansive systems nature of food, energy, and water operating
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at broad spatial and temporal scales and the far-reaching ramifications for society of food,
energy, and water, both individually and collectively. Thinking big requires addressing
questions such as how does water availability, driven by climate and hydrologic conditions,
support and also limit agricultural crop production and at the same time support and
limit energy production, and what are the relative trade-offs and feedbacks among these
systems? “Thinking small” by contrast refers to the local, community contexts in which
FEWS outcomes are manifested and where potential solutions need to be applied. To be able
to generate holistic knowledge that is beneficial to society, scientists increasingly recognize
that they must “think small” to work hand-in-hand and partner with non-scientists if usable
outcomes are to be realized [3,4]. For example, a key part of the Food and Agriculture
Organization’s World Economic Forum approach insists that stakeholder engagement and
dialogue is critical for assessment and intervention [5].
A framework for best practices in FEWS science incorporating community and stakeholder engagement requires both thinking big and thinking small in order to accommodate
systems level understanding and interactions among food systems, energy systems, and
water systems at a local level, considering not only how FEWS science translates to the
local spatial scale but also to the immediate time scale (the present) as well as other time
scales (defined as important by stakeholders and communities themselves) as well as by
ecological conditions, and to discrete social scales (a town or city or institution).
Scientific approaches that involve communities, industry, tribal organizations, nongovernmental organizations, government agencies, and other stakeholder groups have variously been called community-engaged research [6], stakeholder engagement [7], participatoryaction research [8], and transdisciplinary research [9]. Community-engaged research is distinguished from the other approaches by focusing on the importance and benefits of research to
communities, where community members are instrumental in determining the trajectory of
research questions, research design, and data collection and analysis [10]. Participatory-action
research emphasizes the intention of empowering communities and improving community
practices during knowledge creation [10,11]. Practitioners who champion stakeholder engagement take the stance that effective research in policy and practice is founded on active
knowledge exchange between researchers and stakeholders during the process of knowledge co-production [7]. Examples include modeling actors, resources, their dynamics and
interactions in dairy production systems [12], and assessment of progress toward landscape
sustainability goals, both based on input from stakeholders [13]. Transdisciplinary approaches
to knowledge co-production are based on joint ownership, responsibility, and commitment
from both scientists and stakeholders [9]. Regardless of the nuance of a particular approach,
they all have in common an intent to transform society by producing scientifically rigorous
knowledge that is relevant to vexing social problems [14]. Engagement of Indigenous peoples
in FEWS projects is of particular importance as they are often the original landscape knowledge
holders, and land and water rights holders, positioned to directly contribute to the research
process as well as having intimate stakes in the outcome of research.
Across the spectrum of engagement efforts [15,16], there is also a spectrum of achievements. Some efforts lead to success, some to failure, and others to varying degrees of
success. Past work highlights some of the conditions that limit success as well as the
importance of considering best practices for community and stakeholder engagement [17].
For example, the research of Prehoda and colleagues highlights some of the challenges of
community-engaged solar energy research because community members who were engaged in research processes were distinct from decision-makers who controlled application
of research findings [10].
In this paper, we define community and stakeholder engagement as involvement in
the research or project, from minimally to extensively, of people or organizations other
than researchers. Stakeholders can be considered as those who are directly impacted or
professionally involved, while community members are those who may not have direct
decision-making or be directly impacted, but whose values and priorities deserve consideration for planning so that it is more just and inclusive and ultimately better for a locality.
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It is important to note that there is a broad spectrum of engagement efforts or modes,
equal footing between stakeholders and researchers is one mode, but may not always be
relevant to a topic, and the spectrum of modes relates to context and other conditions of
a particular project or effort [16]. Scientists may themselves be stakeholders, but in the
context of engaged nexus science, they are always differentiated in terms of knowledge and
structural hierarchies that require sensitivity and attention. We also recognize that both
stakeholder groups and communities are composed of individuals who are diverse in their
experiences and worldviews, so none of these groups can be considered homogeneous or
unified in their understanding of FEWS systems or the ways these systems impact their
lives and livelihoods.
Best practices are a collective set of protocols, methodological approaches and methods, theories, definitions, activities, and evaluative understanding of what did and did
not work [18] in a particular field or area of inquiry. Sometimes these are called “good or
better practices” because what is “best” can depend on the specific conditions and stakeholders [13]. Any good, better, or best practice should be an effective, standardized way
of achieving an outcome that can work in a range of settings [19] and should be better at
delivering a particular outcome than other current strategies [20]. Best practices have been
developed for learning and teaching [21], technology industry incubators [20], communitybased observing [22], integrating social sciences in sustainability research [18], ecosystem
management [23], and participant engagement in health and disease programs [19]. However, few coherent, singular frameworks for best practices in community-engaged research
exist, within either the community engagement or environmental science literature, specific
to FEWS science. There have been efforts to identify best practices around co-production of
knowledge in review papers [24], but no dominant framework has emerged for identifying
or disseminating best practices to support the FEWS community of practice.
A framework for best practices in FEWS science incorporating community and stakeholder engagement requires accommodating systems level understanding and interactions
among food systems, energy systems, and water systems and translating FEWS science
to the local spatial scale and the immediate time scale (the present). In short, FEWS science and a best practices framework require accommodating multi-scalar and inter-scalar
relationships [3,25] while attending to both thinking big and thinking small, seeing and
empirically examining systems connections while always attending to impacts in local
places and spaces.
The goal of this paper is to review FEWS related literature to assess the state-ofknowledge in community and stakeholder engagement, including contributions to date
for identifying best practices, and to develop a conceptual framework for best practices in
community and stakeholder engagement that can serve as the scaffolding for the FEWS
community of practice. To identify best practices, we reviewed frameworks and conceptual
models for stakeholder and community engagement both within and outside the FEWS
literature (as described below) to capture the best framework applicable to FEWS science.
This framework is intended to offer a starting point for further deliberation, testing, and
refinement.
2. A Review and Synthesis of Research on Best Practices for Community-Engaged
FEWS Research
Approaches were developed for understanding key patterns in both practices of
stakeholder engagement and in frameworks for stakeholder engagement in FEWS literature.
This involved a systematic review of relevant literature as described below. A systematic
review is a detailed and transparent means of gathering, appraising, and synthesizing
patterns [26]. A set of selection criteria were established that allowed the detection of key
patterns within mostly relevant and peer-reviewed literature. Peer-review literature was
used because a systematic search and review is possible using online databases, and the
expectation is that peer-reviewed literature will be more rigorous than other literature.
Search terms always included the words “stakeholder” or “engagement” or “community”
or “nexus.” These terms were modified using a separate and boolean operator for variations
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on FEWS. These were input as individual searches, for example: keyword (FEWS or food
or energy or water) and keyword (stakeholder or engagement or community or nexus).
The publications were selected from two different online databases: ScienceDirect and
WorldCat, ensuring comprehensiveness of the review. The abstracts of each paper were
reviewed to determine whether they were related either to FEWS or to stakeholder or
community engagement. If the abstract was unclear, a word search was conducted for
relevant secondary keywords (nexus, etc.) within the body of the articles. If there was no
indication that the paper included at least one term from both boolean operators, it was
excluded.
A database of 289 papers were compiled. Each paper was read and categorized as
FEWS related or not, and whether it included community or stakeholder engagement.
Many papers discussed the importance of stakeholder and community engagement, but
did not engage either and those papers were eliminated from consideration. If the paper
included community or stakeholder engagement, we also characterized the extent of
engagement using the typology established in Ghodsvali et al. [4], and levels of engagement
using the criteria enumerated by Fazey [21].
2.1. Patterns in Community and Stakeholder Engagement in FEWS
From the literature search, 289 papers were identified and subdivided into those that
emphasized FEWS (217) and those that did not (72). Of the FEWS papers, the majority
discussed the importance of community and stakeholder engagement [23], reviewed
papers that included community and stakeholder engagement [2,27–29], or described
how their model [30–32], game [33–36] or other tool [37–41] would improve the ability of
stakeholders or communities to visualize the nexus or make decisions. Neither stakeholders
nor communities were involved in the research described in these papers. For papers that
were not FEWS related, we selected those that proposed a framework or conceptual map for
stakeholder or community engagement. Those papers are described in Section 2.2 below.
Two-hundred seventeen (217) of the papers we identified were FEWS related but,
of those, only 45 reported that people other than the research team were involved in
their study in some way. However, designation of the level of involvement and/or the
identity of communities or stakeholders in many of the papers was made difficult by the
variability among papers in the description of these details. In all but a few, community
and stakeholder engagement was not the focus of these papers. In some cases, at least two
papers were written on different aspects of community and stakeholder engagement in one
research project, and these papers together provided a more comprehensive description
of the level of engagement for the research project [3,31,42–51]. We counted these linked
papers as one since they described one research project.
Of those 45 papers, 20 used questionnaires, surveys, in-person interviews, or focus
groups to gather data and reported it as community or stakeholder engagement. Data
gathered included household consumption habits [52,53], nexus research questions [54–56],
descriptions of the meaning of the word “nexus” [57,58], attitudes about community and
stakeholder engagement [59], system indicators [60], interactions among nexus components [61], relative resilience [59], and research priorities or gaps where research was
needed [31,50,62]. Although survey participants may have been stakeholders in the sense
that they had an interest in the system in question, they were not involved in guiding or
critiquing the research project in any meaningful way and served only to provide data
for research.
The framework suggested by Ghodsvali et al. [4] was used to categorize community
and stakeholder engagement as nominal, instrumental, representative or transformative.
They defined nominal engagement as little more than display only to give legitimacy to
plans and does not lead to any change (which we interpreted to mean that communities
or stakeholders may have been interviewed to provide data or information, but were
otherwise not engaged in the project). Instrumental engagement was defined as a means
towards the efficient use of the skills and knowledge of communities and stakeholders;
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representative as giving communities and stakeholders a voice in decision-making and
implementation of policies that affect them; and transformative as focusing on the empowerment of involved communities and stakeholders. Using this framework, we defined
data gathering as nominal, sometimes called consultative [16,63] because it is unlikely that
this level of engagement contributes to beneficial outcomes in FEWS. A project could use
more than one of these engagement types, for example, there could be nominal engagement for some communities or stakeholders and then more engaged approaches for other
communities and stakeholders or parts of the overall engagement process.
Fourteen of the 45 papers identified stakeholders narrowly, as experts–including government, business, or NGO employees directly engaged in the nexus. Only 11 papers
included communities and stakeholders who were outside of these definitions, including
farmers, fishers, water-users, people displaced by dams, etc. These studies also tended
to incorporate, or at least attempt to incorporate, very diverse perspectives throughout
the project. In only three papers did researchers report that they had included diverse
communities and stakeholders in the development of research questions or the research
proposal [44,64,65]. Several papers stated that they had significant community and stakeholder engagement but did not describe or were vague about the engagement or did not
describe the identities of their communities or stakeholders, and we assumed that they
were experts only, as that is the predominant practice.
2.2. Frameworks Supporting Best Practices in Community and Stakeholder Engagement in FEWS
A framework for developing and applying best practices for community and stakeholder engagement in FEWS was distilled from a review and meta-synthesis of a broad
range of existing frameworks, models, and reviews developed in multiple disciplines over
the last two decades (Table 1). Meta-synthesis is a mixed methods approach that integrates
results from a number of different but interrelated qualitative or quantitative studies using
an interpretive, rather than an aggregating, approach [66,67]. The meta-synthesis used
here is built on 24 reviews, models, frameworks, and toolkits for stakeholder engagement
published since 2004, which was selected as a beginning year because this was the first
year the authors were able to find a robust framework for best practices (as opposed
to theoretical models). Using the 289 papers identified in Section 2.1, those papers that
proposed a framework or conceptual model of stakeholder and community engagement
were extracted. The authors defined frameworks or conceptual models as describing a
set of lessons, guidelines, or practices. These were used as a starting point to synthesize
frameworks and models of community and stakeholder engagement. There was a paucity
of frameworks for stakeholder engagement in this peer-reviewed FEWS literature, so we
did not restrict our search to FEWS literature. This subset was expanded by snowballing
relevant literature cited in those articles, that is, reviewing the literature cited section of
each article and identifying additional articles that included a framework. One in review
manuscript and one in press manuscript that contained frameworks, which were identified
in FEWS research coordination networks, were also included. These papers were also
fully read. From this, the common practices described in these papers were extracted
and enumerated. After identification of the reviews, models and frameworks, the authors
identified key themes in papers and indicated the number of papers that repeated these
themes as important (Table 1 and Supplementary Materials, Table S1). This resulting
framework for community and stakeholder engagement in FEWS is referred to as the
EngageINFEWS framework.
Existing conceptual frameworks and models for community and stakeholder engagement were found in fields as diverse as climate change [24], education [21], environmental management [16,68–71], Indigenous engagement [72–74], invasive species management [75,76], landscape sustainability [13,77], public health [6,19], urban development [9],
and water governance and management [25,63,72,73,78]. In the nexus field of FEWS, there
were also a few recent models [3,4,46,74]. Individually, each study or review provides
one or more valuable characteristic, dimension, or element of practice in community and
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stakeholder engagement that are applicable to FEWS research and practice (Table 1). Other
conceptual frameworks and models do not explicitly deal with practices in community
and stakeholder engagement but rather with transdisciplinary co-production in areas of
environmental science and management that are relevant to FEWS e.g., [79]. Any frameworks that did not discuss, explore, or propose one or more practice in community and
stakeholder engagement were not considered.
The array of conceptual frameworks, models, and toolkits dealing with best practices
span a range of theoretical foundations including adaptive management theory [75,76],
collective action [25], collaborative governance and management [68], community capacity [25,70,73], educational theory [21], decolonizing and Indigenous methodologies [72,73],
grounded theory [69], knowledge exchange [7], participatory action and management [6,80],
social learning [25,78], sustainability theory [13,74], and transdisciplinarity and transdisciplinary co-production [4,9,24,71,77]. Our conceptual model relies heavily on fields outside
of FEWS because conceptual models and frameworks papers are more developed and
robust in other fields. Consistent with the emerging work in community and stakeholder
engagement for FEWS, the dominant theoretical foundation adopted for the proposed
framework is transdisciplinarity and is related to efforts in transdisciplinary co-production.
The set of reviews, frameworks, and models that were relevant (Table 1) used various methods to identify practices in community and stakeholder engagement. Many studies relied on systematic literature reviews from their relevant domains of interest [4,16,19,24,25,69,76] and casestudy reviews [3,9,21,73,75,78,80,81]. Frequent author experience with community and stakeholder engagement was an important method for distilling best practices [13,21,70,73,77,81],
while other research was based on questionnaire surveys [7,71], workshops [46,75,82], or
systematic mapping review [68].
In determining which themes to include within the framework, we identified the
most ubiquitous practices for supporting community and stakeholder engagement, which
included the importance of understanding, documenting, and leveraging the local context
of the problem or place in question, and engendering and supporting sharing of values,
respect, and trust in the engagement process (Table 1 and Supplementary Materials, Table
S1). Other important practices concerned collaborative power-sharing, co-ownership of
the engagement process, and co-generation of knowledge and outcomes (Table 1).
3. A Conceptual Framework for Community and Stakeholder Engagement in FEWS
The EngageINFEWS framework comprises ten characteristics or elements (Table 1,
Figure 1) identified in our meta-synthesis. FEWS issues and efforts have a particularly
important meaning to Indigenous communities and tribes in countries such as Australia,
Canada, New Zealand, and the United States owing to how closely some of these communities’ livelihoods and cultures are tied to water and interwoven with food security.
Consequently, the EngageINFEWS framework incorporates aspects of Indigenous and
tribal engagement for several elements in the framework (Table 1 and Supplementary
Materials, Table S1). A full synthesis of models, frameworks and toolkits is included in
the Supplementary Materials. However, our synthesis of this Indigenous literature is not
comprehensive because it is beyond the scope of best practices in FEWS research.
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Figure 1. Diagram of the EngageINFEWS conceptual framework for best practices in community and stakeholder engagement in food, energy, and water systems science.

The ten characteristics of community and stakeholder engagement (Table 1) distilled
through the meta-synthesis are conceptually linked as engagement, technical, and monitoring processes (Figure 1 and Supplementary Materials, Table S1). These processes are
dependent on the situational awareness of a FEWS place or problem, and a culture of sharing values, respect, and trust (Figure 1), that is, community and stakeholder engagement
is predicated on situational awareness, or context, as a starting condition for engagement.
The engagement process is a function of the frequency and duration of engagement, collaborative power sharing, the co-ownership of the engagement process, and the co-generation
of knowledge and outcomes. Each of these characteristics of community and stakeholder
engagement are not necessarily independent dimensions, rather it is recognized that these
characteristics are interrelated. Explicit methods of integration of data, perspectives, and
knowledge are characterized as a technical process since analytical, quantitative, and qualitative methods may be useful here. The framework is inherently iterative so that the initial
context that supports the engagement process may itself change through engagement.
3.1. Situational Analysis
A theme identified as critical to successful engagement processes in the papers is
being fully cognizant of the local context, that is, situational awareness (Table 1). Situational awareness encompasses the perception of the elements in the environment within a
specified time and space, the understanding of their meaning, and the projection of their
relevance in the near future [83]. Situational awareness is particularly important in FEWS
because energy, food and water systems are highly context specific and locally-scaled. For
example, in non-agricultural contexts, energy-water interactions will be more important
than Food-Water connections. It includes recognizing an identified need for deliberative
engagement of stakeholders and community members in FEWS research, clearly defining
project objectives, and using contextually relevant methods [69,80].
Situational awareness requires attentiveness to the diversity of worldviews and cultural experiences represented by the stakeholders and communities being engaged. In
contexts involving Indigenous communities and sovereign Tribal Nations, engagement
must also include involvement of Indigenous peoples in research whenever possible, as
well as understanding their unique status and perspectives. Lukaweiki et al. [84] aptly
stated that: “Indigenous groups are often still addressed as one of many stakeholder groups,
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without recognizing their status as self-determining nations with governance structures
that were in place long before the arrival of settler institutions [85]. The distinction between
rights-holders and stakeholders is more than just semantic. To truly respect Indigenous
rights, governments must collaborate with Indigenous peoples in ways that recognize their
sovereignty and right to self-governance [84] pp. 5–6, [86].”
Strategies for developing situational awareness include building on existing community partnerships, engaging a mix of project champions in the community, and generating
broad support from community leaders [19]. Reed et al. [16] refer to “engagement as
context” to highlight the importance of fully understanding local context to support stakeholder engagement and design of the engagement process. Examples of this approach
in the FEWS literature include those who involved diverse stakeholders in Cambodia to
encourage collective problem solving around water use and farming [19]. The researchers
were aware of cultural resistance to engaging people other than experts and assessed their
success at overcoming this barrier at the end of the study. Lehmann [48] involved farmers,
students, and other water users in reducing blue water consumed to advance a shift in
attitudes about water use. With Indigenous communities, this inclusion must consider
understanding the cultural context, particularly of socioeconomic disadvantage [74] and
the sensitivities of including Indigenous knowledge [72]. Gagnon et al. [73] highlight the
importance and need for opening up space and time for Indigenous voices to influence
research design and practice.
3.2. Sharing Values and Respect
The most commonly reported characteristic for successful community and stakeholder
engagement across multiple frameworks and conceptual models in various domains was
fostering an appreciation of values, respect, and trust among stakeholders (Table 1). This
characteristic includes establishing a culture of empowerment, trust, and equity [69]. There
is no quick fix for creating this type of culture rather it comes, in part, as a result of the
personal attitudes and empathy that a project lead can impart. Some approaches that can
be helpful in promoting a respectful culture comprise using an encompassing definition of
stakeholders to engage broadly, including minority groups, in making research relevant
to participant priorities, attempting to mitigate potential bias in stakeholder engagement,
providing opportunity for stakeholders to share control over the process [87], and incorporating diverse perspectives equitably [6,19,70]. Emphasizing listening, inclusion of
Indigenous priorities, careful trust-building, and use of culturally appropriate methods are
important for Indigenous engagement [72–74]. This is emphasized by Chief et al. [72]:“ do
more listening. ”(p. 1).
Recognition of others’ values and demonstration of respect is apparent though the
engagement processes of collaboratively defining issues, priorities, problem formulation,
project goals, and research questions with stakeholders [9,16,24,71]. Reed et al. [16] refer to
“engagement as design” to encompass the value of multiple stakeholder perspectives in a
well-designed engagement process. A core approach to engagement as design is aiming
for a stakeholder group that is fully representative of the place or problem [4,69,80]. This
process includes matching representation of stakeholder interests to the spatial scale of the
project goals or issues [16]. Ideally the engagement process incorporates a representative
group of stakeholders, stakeholder groups, or sample of stakeholders. However, where
identifying a representative group is not possible, it may suffice to have a stakeholder group
that is indicative of the community or landscape. Two FEWS projects that have advanced
efforts toward shared values and respect are Ferguson et al. [44], and Hargrove and
Heyman [65], which all report extraordinary efforts and difficulties of developing respect in
particular. In FEWS projects, attention to this theme could enhance the adoption of policies
or other solutions identified to address FEWS problems identified in the research [88].
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3.3. Early, Iterative, and Lasting Engagement
A key to the entire process of community and stakeholder engagement is initiating
the engagement as early as possible, ideally in the proposal development stage, creating repeated engagement opportunities, and sustaining the engagement process, ideally
beyond the project funding cycle. Engaging stakeholders in dialogue as early as possible in a project assists with developing shared goals (see Section 3.2 above) and the
co-production of outcomes (see Section 3.6 below). By designing an iterative engagement
process, it becomes possible to work with stakeholders to refine, validate, expand, and
test the knowledge and ideas generated [13,21]. The iterative nature of good engagement
processes requires a sustained effort and careful facilitation [74,89], and it is important to
commit to and build both long-term and genuine relationships [73]. Iterative improvement
and repeated, intentional engagement of stakeholders and community members in the
co-creation of knowledge is integral to many different theoretical and practical frameworks
such as social-ecological systems science, community-engagement, public participation in
research, alternative futures scenario modeling and FEWS projects. FEWS problems tend to
be wicked problems without a single ideal solution, so it is important to engage early and
over time as challenges evolve and change. Establishing lasting engagement (e.g., beyond
a research grant funding cycle) indicates trust and relationship building that is not purely
transactive while also allowing for outcomes that might not emerge from a project during
that standard 3- or 5-year grant cycle.
3.4. Collaborative Power Sharing
Managing the power dynamics among stakeholders or stakeholder groups can allow
all contributions to be valued [90]. In FEW systems, power dynamics vary among federal,
state and local actors and as local actors often have unique insight into which solutions
will more likely be adopted, and Indigenous communities are often water rights holders
and major land-owners, so managing dynamics to encourage all contributions is essential.
While less commonly noted in the frameworks reviewed, acknowledging the impact of
power dynamics can ensure that they are effectively managed using collaborative processes,
facilitative methods, and consensus building among stakeholders [6,9,13,16,65,75].
Power sharing is the foundation of meaningful stakeholder and community engagement. Addressing power dynamics and flattening hierarchies to share power is one of
the most important considerations when undertaking any type of collaborative process.
However, external factors, such as existing law or regulation, agency rules, and other
forces can shape the extent to which power and decision-making can be evenly distributed
among participants. Attempts to share power are essential, as is transparency regarding
equality in decision-making power and participants’ roles. Power sharing and avoidance
of misappropriation of traditional knowledge are longstanding concerns for Indigenous
peoples; there must be a clear understanding in advance of how knowledge will be used
and shared and where decolonizing and Indigenous methodologies can facilitate diverse
ways of knowing [72,73]. It is one of the most important considerations when undertaking
any type of collaborative process, especially when power cannot, by law, rule, or for any
other reason, be evenly distributed among participants. Being clear about inequality in
decision making and clear about all participants’ roles is imperative.
3.5. Co-Ownership of Process
Closely related to power dynamics among stakeholders is the creation of co-ownership
of the project or study process among stakeholders and researchers. Co-ownership can be
developed by explicitly documenting the purpose and extent of stakeholder engagement,
including their level of control on research and engagement processes, and over project
outcomes [6,69,82,89]. This practice has been termed “engagement as democracy” by
Reed et al. [16]. In particular, roles and responsibilities must be defined clearly and
carefully in Indigenous communities, and ownership of data and knowledge must be
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clearly understood [72,73]. Researchers should also acknowledge and comply with tribal
protocols in engaging Indigenous communities [72].
3.6. Co-Generation of Knowledge and Outcomes
The ultimate value of stakeholder engagement in FEWS science is that it leads to
beneficial outcomes for society as a whole but more specifically to the community and
stakeholders concerned. These benefits have been referred to as the usability that arises
from co-production [9,46] or the transformative capacity of outputs and outcomes that
occur through the project. Approaches that support the usability from co-produced or
co-generated knowledge include promoting social learning and understanding with stakeholders, exploring practical and policy suggestions for improving engagement, creating
opportunities to build capacity at individual and community levels, and using relevant
timescales that support decision-making [6,25,46,75,76,91]. The scope and type of outcomes
sought should be agreed to with the community [74]. If a methodology focused on social
justice is incorporated and Indigenous interests are braided into the results, the research
should give back to the community [72,73].
3.7. Technical Process: Explicit Integration of Stakeholder Knowledge and Science
Stakeholder engagement in FEWS frequently, if not always, deals with projects in
which interdisciplinary and transdisciplinary relationships, processes, data, and analyses
are essential. Therefore, the engagement process for FEWS science should connect to,
and be supported by, the explicit integration of social, physical, ecological, spatial, and
temporal approaches. Such synthetic or integrative approaches could include synthesis
of local and scientific knowledge [69,92]; practice-based and scientific perspectives [9,75];
incorporation of Indigenous knowledges [72,73,93]; integration of computational model
outputs and scenario narratives [3]; incorporation of multi-scalar and inter-scalar relationships across individual, collective, and network levels [3,25,65]; interactive posters as a
means for enhanced communication and learning [94]; multiple spatial scale analyses [95];
actor-resource-dynamics-interaction approaches [12]; artificial intelligence and big data
analytics [96]; and landscape social-metabolism approaches [97]. These approaches can be
applied to support the co-production of knowledge with stakeholders and communities.
This integration can be characterized as a technical process in the framework (Figure 1,
see Section 3.11 below).
3.8. Reflective and Reflexive Experiences
Best practices can and should be judged against current and past practices within the
communities that conduct research and are affected by those research activities [21,71,80].
Reflexivity, or critical reflection, of researcher successes and failures, stakeholder input in
the engagement process, scrutiny of which values, priorities, worldviews, and knowledge
are included and excluded, and the potential effectiveness of best practices in community
and stakeholder engagement are crucial to the implementation of FEWS research and
outcomes [23,74]. A critical part of developing best practices is the sharing of experience,
both positive and negative, about engaging with communities in the process of conducting
FEWS research. Reflective approaches include acknowledging and being prepared to
discuss uncertainties, risks, and shortcomings that arise in the engagement process and
may be present in co-produced knowledge [19,82].
3.9. Regular and Transparent Communication
Good communication among stakeholders and among stakeholders and scientists
helps with the stakeholder engagement process (Sections 3.2–3.5) and contributes to cogeneration of knowledge (Section 3.6). Communication with stakeholders that is regular [19], transparent [13,70], and continuous [6] all contribute to strong engagement
processes. This requires project leads or facilitators to provide opportunities for communication, and for both sharing and listening [25]. Transparency in communications and
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throughout the process is especially important in Indigenous communities [72–74] and
may require translation to native languages. In FEW systems, regular communication can
help direct research away from mistaken assumptions or modeling attempts and toward a
more accurate and efficacious suite of solutions and proposed policies.
3.10. Evaluation
An additional element that is included in this framework and in a couple of other
models is the measurement and assessment of best practices (Table 1). The formative
evaluation of the engagement process and its impacts, including demonstration of the
success of both process and outcomes, is an essential element in a robust framework of
practice [9,19,63,90]. Each best practice that is identified should be evidence-based and
have identified metrics for the measurement of impacts, outcomes, and implementation.
Borrowing from citizen science principles, the evaluation of community and stakeholder
engagement practices can be considered along three dimensions: (i) scientific impact; (ii)
learning and empowerment of participants, and (iii) impact for wider society [98]. Any
evaluative dimension of a best practice can be assessed by defining a set of possible and
desired outcomes (i.e., markers or goals), tracking features of engagement that might determine these outcomes (i.e., metrics or indicators), and identifying how a given engagement
strategy should achieve the intended outcome (i.e., mechanisms) [19]. Evaluation should
also be participatory, engaging all participants in the research [74]. In this schema, metrics
are likely to be quantitative measures, while markers and mechanisms are likely to be
qualitative measures. In FEWS and all other frameworks, little improvement is possible
without robust evaluation.
3.11. The EngageINFEWS Conceptual Framework
Collectively, these ten characteristics (Table 1) define an iterative framework for
developing and understanding best practices for community and stakeholder engagement
(Figure 1). The framework comprises a set of three connected processes: the engagement
process, technical process, and monitoring process (Figure 1).
4. Discussion
The importance of stakeholder engagement in FEWS research is highlighted by the
substantial number of papers that refer to stakeholder or community engagement (217), in
many cases acknowledging that engagement is essential. However, that can be contrasted
with only twenty percent of papers (45) that provided evidence of actual engagement
with stakeholders in research in some manner. This review has revealed a pattern of
recognition of stakeholder engagement importance, whereas the integration of engagement
into research (based on a lack of describing engagement methods and outcomes in papers)
lags behind significantly.
The integration of stakeholders into FEWS research projects tends to be superficial—
the majority of the 45 papers involving stakeholders reported only that researchers had
conducted a survey, distributed questionnaires or engaged focus groups to identify research
questions, define nexus, or gather data. Using the framework proposed by Ghodsvali
et al. [4], much of the engagement that is reported is probably nominal, or at best, instrumental. As noted above, there was significant variation in descriptions of stakeholder
engagement, with few projects describing engagement over the course of a research project.
Short-handed descriptions may have resulted in lower counts of the level of stakeholder
engagement than have actually occurred in the FEWS research community. Nonetheless, it
has been easier for FEWS researchers to discuss the importance of SE than to incorporate
it into their research or to describe it in peer-reviewed papers. The relatively low level of
actual co-production focused approaches to FEWS research points to the need for better
guidance and help on how to develop good engagement practices.
Another notable pattern in the FEWS literature is that most stakeholder engagement
has involved experts, which we defined as academics, governmental officials, and NGO or
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business employees who worked within one of the nexus systems. Very few papers (11)
including stakeholders outside of government, academia, or business and even fewer have
reported involving Indigenous communities in research. One of the stated goals of nexus
research is to couple research and policy-making in order to effect change in a system.
To accomplish that goal, there is good reason to broaden definitions of “stakeholders,”
because the day-to-day decisions and behaviors of, for example, farmers, households, and
municipalities have a significant impact on FEWS (as described in Section 3).
The literature and theory of stakeholder engagement is well advanced in disciplines
such as natural resource management, environmental management and planning, education, and business. This literature contributed significantly to the synthesis supporting
the conceptual framework for best practices in stakeholder and community engagement
in FEWS research (Table 1). The conceptual framework for FEWS research includes ten
elements (Table 1 and Figure 1). Of those ten, explicit integration of stakeholder knowledge
and science is the factor most represented in the FEWS projects reviewed since 34 of the
45 papers that involved stakeholders described administering questionnaires, surveys, or
focus groups to answer research questions, and that knowledge was generally integrated
into the research. The majority of FEWS papers described development of a model, game,
or tool to advance stakeholder understanding of the interactions at the nexus, and thus,
many of the other nine characteristics are rarely described in individual FEWS projects.
Several of the studies that integrated stakeholders into the research reflected some of these
practices. However, only two cases were found that reported on evaluation.
Central to best practices for stakeholder and community engagement is establishing
and maintaining a culture of sharing values, respect, and trust (Table 1, Figure 1). As
noted, this does not come easily and points to the critical role of facilitators, whether
the project lead or some other trusted individual with the requisite skill set to facilitate
a diverse set of stakeholders. While the framework describes approaches that can help
build respect, for example, who promotes or leads is not as obvious. Recent efforts
in transdisciplinary curriculum point to team-based facilitation and conflict-resolution
training [99] as a potential approach to enhance an individual’s skill set. Successful
engagement practices are served by identifying who is responsible for playing the role of
facilitator in fostering these approaches and extends to other critical practices, for example,
balancing power differentials.
Evaluating and measuring success for transformative outcomes in community and
stakeholder engagement is incorporated in the EngageINFEWS framework as the monitoring process (Figure 1) comprising reflective and reflexive experiences as well as formal
evaluation. Acknowledging the finding above concerning the paucity of projects reporting
evaluation as part of engagement processes, there is a clear need for sustained efforts to
develop and incorporate evaluation into projects. A starting point for evaluative processes
can be found in efforts to advance citizen involvement in water quality projects [63] that
points to the need to effectively plan with the communities by considering questions such
as what are the current social, ecological, and institutional conditions; what would the
community like to change; what do we know about those changeable things at this point
in time, and; how can we collaboratively track them throughout our work together?
One key lesson from this review is that language matters. Language plays a role in
reflecting worldviews and perpetuating narrowness and exclusion in worldviews encompassed in FEWs science. The review presented above was not entirely inclusive of key
literature from Indigenous scholars and scholarship. Many others work on and write about
FEWS science but chose to do so using alternative terminology from FEWs language and
language of “stakeholders.” Matters associated with sovereignty, both Tribal and First
Nations sovereignty and rural community sovereignty, specifically, matters situated at the
FEWS nexus, were captured to a limited extent in this review. More often, Indigenous land
and life–the source of all food, energy, and water–are articulated as an inseparable nexus.
Thus, there is a need to be attentive to the language used in literature searches moving
forward, because languages reflect worldviews, and narrow language will perpetuate
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narrow worldviews and exclusive scholarship. This lesson also suggests a need for future
work to explore how terminology varies across different scholarly and cultural contexts in
relation to FEWS science and engagement, and most importantly, a need to be reflexive,
iterative, and adaptive when applying the framework described above to Indigenous and
other contexts engaging communities in nexus research across FEW systems.
5. Conclusions—Where to Next
Translating best practices to achieve transformative outcomes from community and
stakeholder engagement in FEWS science requires both thinking big and thinking small.
Thinking big points to the broad systems-level thinking inherent in FEWS research where
food systems, energy systems, and water systems are individually broad in scope and
of societal importance but are magnified further when considering the nexus level understanding of FEWS. Thinking big in FEWS science is characterized by the emphasis on
computational modeling as a common approach to FEWS research [100–102] and by the
applicability of complex systems thinking [103,104]. Thinking small acknowledges the vital
link in translating broad scale thinking and modeling to relevance at local and community
user scales including to support efforts focused on identifying and developing solutions
to FEWS issues and challenges. The EngageINFEWS conceptual framework (Figure 1)
is advanced as a step toward achieving transformative outcomes in engagement efforts
that bridge thinking big to thinking small. This advancement occurs first via situational
awareness of the local context for a project as a basis for determining the engagement
approach and its design, including historical, cultural, ecological, governance, and institutional contexts. Second, a culture of shared values and respect. Third, implementing an
engagement process based on collaborative power-sharing, co-ownership of the project,
and co-generation of knowledge and outputs. Fourth, a technical process that includes
explicit integration across disciplines, types of knowledge, spatial scales, and temporal
scales. Fifth, a monitoring process that accommodates formative evaluation as well as
reflexive and reflective experiences.
As the discussion highlights, little of the research reviewed reported bringing stakeholders on board as equal partners, as the ideal of co-generated and co-produced knowledge would be expected to do. This deficiency may, in part, be a reflection of the literature
review methods failing to detect articles reporting co-production efforts. However, it is
also the reality that engagement work is really hard and time intensive, and there are risks
and pitfalls. For scientists, professional rewards and constraints are salient, such work
is time intensive and is a constraint to pursuing traditional scientific goals. Meanwhile
for stakeholders there may be distrust toward researchers who have taken much but are
perceived as having given little back. The EngageINFEWS framework provides a starting
point for framing community and stakeholder engagement for transformative outcomes—
the principles distilled through this review better position scientists to collaborate with
stakeholders in ways that are responsive to these constraints, and open opportunities for
success in future engagements.
This review and the conceptual framework for best practices in stakeholder engagement point to several areas for improvement. It is important that evidence of the benefit of
community and stakeholder engagement is better documented in the FEWS literature. A
next step then might be to look closely at those engagement efforts that did succeed and
those that did not in order to establish lessons learned for better engagement—what might
success look like in FEWS specifically? Noting the discussion above regarding the constraints on scientists pursuing co-production, additional work is needed to understand the
conditions that bear out co-production, including the manner by which institutions support
the opportunities for pursuing co-production of knowledge. A next step then is looking
not only at successful engagement but also examining successes for scientists supporting
co-production against the constraints to doing so. As highlighted in the discussion there
is a need for future work to explore how language across different scholarly and cultural
contexts in relation to FEWS science and engagement matters. Notably there is a need
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to be reflexive, iterative, and adaptive when applying the EngageINFEWS framework to
particular contexts—one future development that would be valuable is an Indigenous-led
framework for engagement with Indigenous communities. There are other contexts and
communities, for example farmers who use traditional practices or organic practices, that
could also be examined with respect to the EngageINFEWS framework. In a nutshell, the
challenge is shifting the emphasis from doing research to establishing research with and
for stakeholders and rights holders—more specifically, moving from basic research to the
co-production of knowledge.
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